The primary objective of this paper is to develop a model for the enablers supporting the implementation of cellular manufacturing systems with the help of interpretive structural modelling methodology. These enablers were dissected through literature review and expert's opinion. The questionnairebased review has been accomplished for the ranking of these enablers. The MICMAC analysis has been performed to interpret the mutual dependencies of 'driving enablers' (i.e., which help to accomplish other enablers) and 'dependent enablers' (i.e., which are accomplished by driving enablers). From the outcomes, it has been observed that improved production process stability and capability, increased automation, and improved worker skill flexibility forms lowest level in the ISM hierarchy. These enablers have high driving power and low dependence power. So, these enablers may be treated as the 'key enablers'. These key enablers would avail the management in contributing appropriate supervision and guidance during the successful implementation of cellular manufacturing system.
Introduction
In recent years, the manufacturing industries are adapting the latest production technologies due to technical advancement. The market condition has become more dynamic and it is mostly affected by technological advancement, high pressure from competitors and shortened life cycle of products and services. Enhancing the quality and diminishing the cost of products have turned out the essential factor for acquiring a market share. To accomplish the objectives of such a competitive environment, the concept of cellular manufacturing system (CMS) has emerged as a valuable alternative. CMS is an application of the group technology that grants disintegrating a production system into subsystems or modules which makes its management easier than the entire manufacturing system. The primary intention of CMS is to form manufacturing cells where some machines are located in dedicated cells associated with some similar parts. CMS can improve productivity to a large extent by combining the benefits of product and process layout. Due to substantial improvements in productivity and product performance, various technologies were developed including processes for efficient production methods to reduce lead-time, productivity improvement, work-in progress, space utilisation, quality improvement, improved flexibility and visibility, enhanced teamwork (Bhat, 2008) . When implemented properly, CMS has shown the dramatic improvements like work-in-process inventory (8%-80%), material handling (10%-83%), job satisfaction (15%-50%), fixtures (10%-85%), setup time (2%-95%), space needed (1%-85%), quality (5%-90%), finished goods (70%-75%) and throughput time (5%-90%) (Dixit and Gupta, 2013) . The above advantages basically bring down assembling cost and deliver a higher quality item. This is the thing that makes CMS so appealing. Therefore, CMS has become valuable alternative for medium volume and medium variety production. Most likely there are sure hindrances which hinder CMS implementation yet notwithstanding this, there are certain enablers supporting the implementation of CMS. These enablers help the management to implement CMS in their organisations. These enablers not just influence the implementation of CMS but additionally impact each other. So it is truly important to comprehend the way of these enablers furthermore, their common relationship so that those enablers which support different enablers ('driving enablers') and those which are most affected by others ('dependent enablers') are recognised and executed appropriately. In the present research, an attempt has been made to analyse the enablers of CMS through interpretive structural modelling (ISM) approach. On the basis of expert's opinion and intense literature review, 11 enablers were identified for modelling and analysis of CMS. A questionnaire-based survey was accomplished for the ranking of enablers. ISM approach has been used to accomplish the aims of this research. The MICMAC analysis has been performed to identify the key enablers. Thus, we defined our problem as, 'modelling and analysis of enablers for successful implementation of cellular manufacturing system'.
The primary objectives of this paper are as follows:
• to determine the enablers supporting the implementation of CMS
• to enact the relationships among these enablers using ISM methodology
• to identify the key enabler which helps in implementation of CMS in an industry.
The brief outline of this paper is as follows: the literature review is presented in Section 2 which describes the implementation of CMS and identification of enablers. Section 3 represents questionnaire-based review and overview of ISM approach. Section 4 is devoted to development of ISM diagraph and model. MICMAC analysis is carried out in Section 5. At last, the discussion and conclusions are presented in Section 6. Gunasekaran et al. (2001) conducted a case study based on the application of group technology in small and medium enterprises. The study revealed that CMS has increased operational inventory turnover, flexibility, and improved workers moral, machine utilisation and reduced throughput time. Fraser et al. (2007) proposed a sequential model to implement CMS that combines a series of six phases into an integrated, logical process. Mahdavi et al. (2010) presented an integer mathematical programming model for the design of CMSs in a dynamic environment. This mathematical model has shown the following benefits: dynamic system reconfiguration, multi-period production planning, machine capacity, duplicate machines and worker assignment. Natesan et al. (2011) identified the benefits of converting traditional manufacturing system into CMS using analytical hierarchy process. Do Silvio et al. (2013) presented report for transformation of a traditional manufacturing system into CMS. This study compared the traditional manufacturing system with CMS on different parameters namely reliability and work flow etc. Askin et al. (2013) conducted a survey related to the development of CMS. The study reveals that organisation practices and data management are essential components for designing of CMS. Salarian et al. (2014) presented a mathematical model by considering some parameters namely demands, processing times, inter-arrival times for implementation of stochastic CMS. The objective of the proposed mathematical model was to prevent bottlenecks and minimising inter-cell movements. Allahyari and Azab (2015) exhibited a novel bi-level heuristic and mixed integer nonlinear programming model for the layout design of cellular manufacturing. Machine devices and assembling cells design are resolved successively by taking care of a pioneer and supporter issue. Erenay et al. (2015) displayed a design-based mixed integer mathematical model for optimisation of manufacturing scheduling and transportation mode decisions in CMS. Pradhan and Mishra (2015) introduced a self-organising map (SOM) for preventing some bottlenecks in CMS. Gogouvitis and Vosniakos (2015) described the methodology, algorithms, tools and implementation regarding construction from scratch of a simulation environment for robotic manufacturing cell. Chip et al. (2016) presented a conversion approach for cellular layout in facility planning. Cell line layout is observed to be effective in terms of low, medium, and high volume with different types of product varieties. Saad (2016) studied different types of disturbances such as the arrival of material, variety of products and the variation in product. The author proposed cellular manufacturing as an approach to cope with such disturbances of customer driven markets. Wu et al. (2016) presented sustainable and reconfigurable dynamic cellular manufacturing product-service system (DCM-PSS) and studied the key techniques of configuration and operation of DCM-PSS. The study revealed that the DCM-PSS satisfies the requirement of developing dynamic CMS for small and medium enterprises as well as high-value-added services for dynamic CMS manufacturers. Suemitsu et al. (2016) proposed a new multi objective layout design optimisation technique for robotic CMS layouts that can simultaneously determine the positions of manufacturing components and also task scheduling.
Literature review

Identification of enablers for CMS
From the literature review and experiences of academicians, production and manufacturing managers, multiple enablers have been identified. From the questionnaire-based survey, 11 most significant enablers were identified and ranked. These enablers are described as follows:
Improved productivity
Productivity is a ratio of throughputs (outputs) to the resources required to produce it (inputs). Productivity can be enhanced by reducing non-valuable processes which can be identified through work study (a scientific investigation and enhancement of work in all its aspects) and reducing wastes (transportation, inventory, over processing, overproduction, defects etc.) (Dhawale and Wagh, 2016) .
Improved worker skill flexibility
The worker skill flexibility is considered as second most important enabler through questionnaire-based review because a skilled worker can understand the system as a whole in less time. Worker skill flexibility can be improved by providing multi skill training and development programs.
Improved quality
In CMS, the sequence of operations occurs in one area and among a small team aiming to avoid similar defects in the future. With teams and work-cells, quality is more likely to be self-imposed. Quality can be improved through statistical quality control techniques (Colledani et al., 2014) .
Improved profitability
The primary objective of any industry is to expand the benefit. Profit can be expanded by greatest usage of resources. The profit can be increased by maximum utilisation of resources, reducing setup times, lead times, and wastes of cellular manufacturing.
Improved customer focus and satisfaction
CMS allows manufacturers to deliver small quantities reliably without holding large inventories. The instinctive quality improvements in a cellular manufacturing also ascertain their way to improve customer focus and satisfaction. Moreover, the manufacturing flexibility produces a variety of products in the quantities that customers demand while sustaining high performance (Zhang et al., 2003) .
Improved production process stability and capability
Process stability refers to consistency of the process over time and it is usually determined by statistical process control charts. Whereas the process capability refers to the ability of process to meet specifications. CMSs usually have centralised planning and control systems. Production process stability and capability can be improved by planning and controlling all machines to planning and controlling the entire cell.
Increased automation
Automation is the use of various control systems for operating equipment's with reduced human involvement. Increased automation minimises the effect of tool breakdown and part rejection. The manual feeding of work piece is replaced by automatic system, as a result the idle time of machine is reduced which led in productivity improvement (Dhawale and Wagh, 2016) .
Reduced equipment down time
The term downtime refers to a timeframe that a framework neglects to perform its essential capacity because of inaccessibility. The inaccessibility is the extent of a period traverse that a framework is disconnected from the net or occupied.
Reduced setup time and lead time
Setup time is characterised as period required for setting up a machine or framework to work appropriately. Manufacturing cells are composed on the premise of comparative shapes and generally comparable sizes. Consequently setup time is extraordinarily diminished in cellular manufacturing because it is not required to change or adjust machines and tools within cells to process similar parts. Production lead time is characterised as period between receipts of a request and until when it is accessible for pressing or shipment. Production lead time is reduced in cellular manufacturing through reduction in setup time, reduction in material handling time, reduction in material flow distance, reduction in work in progress and improvement in machine utilisation.
Increased new products and processes
New product development is the complete process of bringing a new product to market. New products and processes can be increased by improving the degree of programmable automation.
Reduced scrap/waste
CMS lessens waste by diminishing deformities rising up out of item changeover and preparing. Since products travel through a cell one piece at once, operator can rapidly analyse defects and annihilate them.
Enablers along with their references/sources are being represented in Table 1 . (2016), Dixit and Gupta (2013) and Mathur et al. (2012) 2 Improved worker skill flexibility Dixit and Gupta (2013) , Sundkvist et al. (2012) , Bidanda et al. (2005) and Askin and Huang (2001) 3
Improved quality Colledani et al. (2014) and Dixit and Gupta (2013) 4 Improved profitability Dixit and Gupta (2013) and Tangen (2002) 5 Improved customer focus and satisfaction Dixit and Gupta (2013) and Graf et al. (2013) 6 Improved production process stability and capability Dixit and Gupta (2013) , Zadeh et al. (2013) , Raj et al. (2012) and Singh et al. (2007) 7 Increased automation Dixit and Gupta (2013) and Dhawale and Wagh (2016) 8 Reduced equipment down time Dixit and Gupta (2013) and Banaszak et al. (2000) 9 Reduced setup time and lead time Dixit and Gupta (2013) and Öztürk et al. (2006) 10 Increased no. of new products and processes Dixit and Gupta (2013) , Wu et al. (2016) , Elkins et al. (2004) and El Maraghy (2005) 11 Reduced scrap/waste Dixit and Gupta (2013) Step 3. ISM approach to determine the contextual relationship among enablers
Step 4. MICMAC analysis to analyse driving power and dependence power of enablers
Step 5. Determine the 'key enablers' and evolve set of conclusions
Step 2. Questionnaire-based review for significance and ranking of enablers
Step 1. Identification of enablers through literature review and expert's opinion
Questionnaire-based review
The prime intention of the questionnaire-based review was to stimulate experts in developing a relationship among enablers. The questionnaire was designed on a five-point Likert scale and respondents were asked to indicate the importance of 11 listed enablers on this five-point Likert scale. On this scale, 1 means extremely low significance, 2 means low significance, 3 means moderate significance, 4 means high significance and 5 means extremely high significance. The questionnaire was sent to 61 experts from academics and industries. Out of the 61 questionnaires, 39 completed questionnaires were received. This gives a response rate of 63.39%. Based on feedbacks, the enablers are conferred with the ranks. The company data of 39 respondents is presented in Table 2 and the enablers with decreasing order of ranks are presented in Table 3 . Step 1. Identify the enablers in CMS
Step 2. Develop structural self-interaction matrix
Step 3. Conversion of structural self-interaction matrix into reachability matrix
Step 4. Partitioning of reachability matrix into conical form
Step 5. Development of ISM diagraph
Literature survey
Expert opinion
Any conceptual inconsistency?
Step 6. Development of ISM model by replacing nodes with statements
No Yes
ISM methodology
ISM is an intuitive learning approach developed by Warfield in 1974 with the target of organising huge number of components (straightforwardly or by implication related) into a systematic model. The ISM empowers individuals or groups to build up a diagraph of the complex relationships among elements in a complex situation. ISM is a qualitative tool which determines the contextual relationship among variables defining the problem. Borade and Bansod (2012) , Hsiao et al. (2013) and Attri et al. (2013b) can be referred to understand the concept of ISM methodology. Govindan et al. (2012) used this approach for analysing the third party reverse logistics provider. Attri et al. (2013a) utilised ISM approach for modelling the enablers in the implementation of total productive maintenance. Azevedo et al. (2013) identified and ranked the performance measures of automotive supply chain. Jayanta and Azhar (2014) analysed barriers for implementing green supply chain management (GSCM) Practices using ISM approach. Jain and Raj (2015) have applied ISM approach to develop a hierarchical structure of flexibility. Kumar and Raj (2015) applied ISM approach for modelling the variables of automated material handling systems. The steps used in ISM approach are as shown in Figure 3 (Attri et al., 2013b):
ISM methodology for modelling of enablers
Development of contextual relationship and structural self-interaction matrix
Enablers which are more pertinent in the system taken under consideration through literature review, expert are opinion or a group problem solving technique. Then a contextual relationship is developed among the enablers with respect to which pairs of enablers would be examined. After that the structural self-interaction matrix (SSIM) is developed for enablers, which shows pair-wise relations among enablers. In developing SSIM, following four symbols have been used to denote the relationship between two enablers 1 and 2 (Raj et al., 2012; Attri et al., 2013a Attri et al., , 2013b ).
• V -enabler 1 accomplishes better enabler 2
• A -enabler 2 accomplishes better enabler 1
• X -enablers 1 and 2 will accomplish each other
• O -enablers 1 and 2 are disconnected.
Reachability matrix
Now, initial reachability matrix and final reachability matrix from the SSIM are to be developed. Then SSIM is transformed into binary digits; (i.e., 1s or 0s) called initial reachability matrix. The SSIM has been converted into a binary matrix, by substituting V, A, X and O by 1 and 0 as per given case. The substitution of 1s and 0s are as per the following rules (Raj et al., 2012; Attri et al., 2013a Attri et al., , 2013b :
1 if the (1, 2) entry in the SSIM is V, the (1, 2) entry in the reachability matrix becomes 1 and the (2, 1) entry becomes 0 2 if the (1, 2) entry in the SSIM is A, the (1, 2) entry in the reachability matrix becomes 0 and the (2, 1) entry becomes 1 3 if the (1, 2) entry in the SSIM is X, the (1, 2) entry in the reachability matrix becomes 1 and the (2, 1) entry also becomes 1 4 if the (1, 2) entry in the SSIM is O, the (1, 2) entry in the reachability matrix becomes 0 and the (2, 1) entry also becomes 0. Next step is to get final reachability matrix which is achieved by incorporating the transitivity. Basically, transitivity concept is introduced for this purpose, and few cells of the initial reachability matrix are filled by inference. After incorporating the transitivity concept, the final reachability matrix is developed. Moreover, the dependence and driving power are calculated by summing up the number of 1s in the columns and rows respectively. Since, there is no transitivity in Table 5 . Therefore, this matrix can be used for further calculations.
Conversion of reachability matrix into conical form
After developing the final reachability matrix, next partitions are done in order to find hierarchy of each enabler. Next, conical matrix is developed from the partitioned reachability matrix by clubbing together of enablers according to their level position (Raj et al., 2012; Attri et al., 2013a Attri et al., , 2013b . For further information about partitioning of reachability matrix into conical matrix, Table 10 to Table 17 are attached in Appendix. 2, 3, 4, 5, 6, 7, 8, 9 , 10, 11 6 6 VIII 7 7 1, 2, 3, 4, 5, 7, 8, 9, 10, 11 6, 7 7 VII 8 8 8, 9, 10, 11 1, 2, 3, 4, 5, 6, 7, 8 8 IV 9 9 9, 10, 11 1, 2, 3, 4, 5, 6, 7, 8, 9 9 III 10 10 10, 11 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 10 II 11 11 11 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 11 I 
Development of ISM diagraph and model
Based on the relationships given above in the reachability matrix, a directed graph is drawn and the transitive links are removed. Then resultant digraph is converted in to an interpretive structural model by replacing enabler nodes with statements (Raj et al., 2012; Attri et al., 2013a Attri et al., , 2013b . Improved production process stability and capability MICMAC [Matrice d'Impacts croises-multipication appliqu´ean classment (cross-impact matrix multiplication applied to classification)] developed by Michel Godet and JC Duperrin in 1973 to analyse the inter-relationships and to study the role and behaviour of variables. The MICMAC principle is based on the matrices multiplication properties. If variable (1) directly influences variable (2) and if variable (2) directly influences variable (3), any change affecting variable (1) directly influences variable (3). There is an indirect connection between (1) and (3). Numerous indirect relationships of (1) → (3) type which exists in the structural matrix cannot be taken into account in a direct relationship approach. When the matrix is squared, second order relationships are revealed, such as (1) → (3). Similarly, when the matrix is multiplied, 3, 4, 5 or n times, the number of influence paths of the 3rd, 4th, 5th order interconnecting the variables can be found. Each time this process is repeated, a new hierarchy of indicators can be deduced. Their classification is based on the number of indirect actions (influences) they have on other indicators. When raised to a certain power, this hierarchy repeats in the next stage of multiplication (both in the hierarchy of column as well as in the row) and such a stage is considered as a stable stage and such matrix is called stabilised indirect matrix (Khan and Haleem, 2012) .
Development of ISM diagraph for enablers in CMS
Development of ISM model for enablers in CMS
The purpose of a MICMAC analysis is to analyse the driving power and dependency of the enablers and to calculate effectiveness for each enabler by subtracting the dependence power from the driving power. The enablers with higher effectiveness are placed at the bottom of the ISM model and the enablers with lower effectiveness are placed at the top of the ISM model. The enablers which are positioned at the bottom of the model would help to achieve the enablers which are positioned above them (Raj et al., 2008; Govindan et al., 2012; Kumar and Raj, 2015) . This is done to identify the key Enablers that drive the system. MICMAC is used for the analysis of the indirect relationships among the enablers obtained by using ISM approach (which only describes the direct relationships between these enablers). It is an important tool for the management for an in-depth analysis of the program/system. Examination of direct relationships reveal that direct impact criteria can be suppressing hidden criteria, which sometimes may substantially influence the system under consideration (Saxena and Sushil, 1990) .
Based on their driver power and dependency, the enablers in this present case have been classified into four categories as follows: From the above MICMAC analysis it is shown that the driver-dependence diagram gives some valuable insights about the significance and inter-dependencies among the enablers. The important implications emerging from this study are tabulated as: The fundamental motivation behind this paper is to investigate the effectiveness of various enablers which supports the implementation of CMS. In this exploration, an ISM model has been developed to analyse the inter-dependency among CMS enablers. It identifies the hierarchy of actions to be taken for handling different enablers to transform the conventional manufacturing system into a CMS. It distinguishes the pecking order of moves to be made for taking care of various enablers to change the customary assembling framework into a CMS. The manufacturing managers can get an insight of these enablers and comprehend their relative significance and interdependencies. The driver-dependence diagram helps to classify various enablers supporting the implementation of CMS.
• There is no enabler in the autonomous cluster which demonstrates that administration ought to concentrate on all the considered enablers.
• The next cluster composes of dependent enablers like reduced equipment down time, reduced setup time and lead time, increased no. of new products and processes, reduced Scrap/Waste. These enablers have low driving power and high dependence power. They are highly dependent on other enablers and occupy topmost level in the ISM hierarchy. The managers should focus more to handle these enablers.
• The next cluster includes linkage enablers like improved profitability, improved customer focus and satisfaction. These enablers generally act as link between dependent and independent enablers.
• The last cluster consists of independent enablers like improved productivity, improved quality, improved worker skill flexibility, increased automation; improve production process stability and capability. These enablers have high driving power and low dependence power. They form the bottom position in ISM hierarchy. Improve production process stability and capability, Increase automation, and improve worker skill flexibility forms lowest level in the ISM hierarchy. These enablers may be treated as the 'key enablers' for the successful implementation of CMS.
Management should involve all employees through training and education in the implementation of CMS. Issues related to worker must be included in the objective of management. CMS has the probability of improving the quality of working life through job enrichment and by using creation of autonomous groups. The ISM model has been prepared to identify some key enablers and their organisational presumptions in the implementation of CMS. It is considered that such a standardising proposal of the framework would avail the management in contributing appropriate supervision and guidance during implementation of CMS. In this paper, ISM approach has been utilised to build up the contextual relationship model between the enablers. But this model is an initial hypothetical model and needs to be statistically validated. Structural equation modelling can test the legitimacy of such theoretical models. Consequently, future research may be focussed after testing the legitimacy of the ISM model by utilising the SEM procedure. 3, 5, 8, 9, 10, 11 2, 3, 4, 5, 6, 7 3, 5 6 6 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 6 6 7 7 1, 2, 3, 4, 5, 7, 8, 9, 10, 11 6, 7 7 8 8 8, 9, 10, 11 1, 2, 3, 4, 5, 6, 7, 8 8 9 9 9, 10, 11 1, 2, 3, 4, 5, 6, 7, 8, 9 9 10 10 10, 11 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 10 11 11 11 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11 11 I 3, 5, 8, 9, 10 2, 3, 4, 5, 6, 7 3, 5 6 6 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 6 6 7 7 1, 2, 3, 4, 5, 7, 8, 9, 10 6, 7 7 8 8 8, 9, 10 1, 2, 3, 4, 5, 6, 7, 8 8 9 9 9, 10 1, 2, 3, 4, 5, 6, 7, 8, 9 9 10 10 10 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 10 II 
Conversion of reachability matrix into conical form
